Scientifique 2). However, in late S phase (G2-like state), Cdt1 is absent from both chromatin and nucleosolic fractions (Fig-141 One postulated feature of licensing factor is that the Nevertheless, evidence is missing demonstrating a dinuclear membrane blocks its access to chromatin in G2 rect role for unscheduled Cdt1 expression in promot-
Human G2 nuclei behave in a similar way [14, 15]. We to Cdt1 (ϩCdt1) are stained by DIOC and are negative for IgGs, demonstrating that the nuclear envelope was speculated that binding of recombinant Cdt1 to G2 chromatin might be sufficient to induce reinitiation of DNA present. When nuclei were permeabilized with detergent (ϩ NP-40) they became positive for IgGs staining and synthesis in the absence of nuclear membrane permeabilization. G2 nuclei were first exposed to Cdt1 (Figure DIOC negative, demonstrating nuclear membrane permeabilization.
1D), then isolated and transferred to fresh extract, as in the licensing assay [1]. Cyclohexymide was added to
We also analyzed the DNA synthesized upon nuclear transfer by bromodeoxyuridine substitution followed by extracts to suppress protein synthesis and, therefore, block entry into mitosis [16] as nuclear envelope breakcentrifugation through CsCl gradients. Nuclei were first replicated in egg extracts in presence of BrdUTP and down at mitosis resets the chromatin for a new round of DNA synthesis [1]. Figure 2A shows that upon transfer ␣-[ 32 P] dATP, and G2 nuclei exposed to recombinant Cdt1 were transferred in fresh egg extracts also conto fresh extracts, DNA synthesis was observed in G2 nuclei previously exposed to recombinant Cdt1 (ϩCdt1) taining BrdUTP and ␣-[ removed from chromatin during S phase and remain soluble in the G2 nucleus, so that they can be removed As shown in Figure 2D , high molecular weight species of DNA are observed in the presence of recombinant by detergent extraction [17]. To address this issue, G2 nuclei that had been exposed or not to recombinant Cdt1 (ϩCdt1), similar to the control reaction (Ϫ Cdt1), although in the presence of Cdt1, the radioactive signal Cdt1 were isolated, detergent extracted, and double stained with antibodies against the MCM3 protein and is more intense. Altogether, these results demonstrate 
Cdt1 Induces Reinitiation of DNA Synthesis Only in G2
We asked whether reinitiation of DNA synthesis induced by Cdt1 requires transfer of G2 nuclei to fresh egg extracts or could be also induced by adding Cdt1 to egg extracts at the end of S phase (G2). As shown in Figure  4A , addition of recombinant Cdt1 (ϩ Cdt1) resulted in an increased DNA synthesis compared to the control reaction (Ϫ Cdt1). A density substitution experiment ( Figure 4B) shows that in the presence of Cdt1 (ϩ Cdt1), hemi-and double-substituted DNA populations (HL and HH) are observed, whereas in the control reaction, only hemisubstituted DNA (HL) is present, confirming results shown in Figures 2A-2C . We conclude that addition of Cdt1 to egg extracts at the end of S phase is sufficient to promote reinitiation of DNA synthesis. Finally, to determine whether Cdt1 could induce reinitiation at any cell cycle stage, recombinant Cdt1 was introduced at different times during interphase, or at mitosis, and the extent of DNA replication was determined upon prolonged incubation. As shown in Figure  4C , addition of Cdt1 in mitosis (M), in G1, or during ongoing S phase (S) did not result in reinitiation of DNA synthesis, whereas reinitiation was observed by addition of Cdt1 at the end of S phase (G2). These results suggest that during S phase, both endogenous and recombinant Cdt1 might be made incompetent to induce refiring of tions that override this control may lead to loss of genome integrity.
Observation of Isolated Nuclei by Indirect Immunofluorescence Experimental Procedures
Replication reactions or isolated nuclei were fixed by 20ϫ dilution in XB ϩ 4% formaldehyde at room temperature for 15 min. Fixed Xenopus Egg Extracts nuclei were recovered on a coverslip by centrifugation through a Egg extracts were prepared and frozen as previously described [41] . 0.7 M sucrose cushion at 4ЊC and postfixed for 5 min with cold Upon thawing, egg extracts were supplemented with cycloheximide EtOH at Ϫ20ЊC. Samples were rehydrated with PBS by incubation (250 g/ml) and an energy regeneration system (10 g/ml creatine at room temperature for 10 min and preblocked with a solution of kinase; 10 mM creatine phosphate; 1 mM ATP; 1 mM MgCl 2 ). For PBS/1% BSA at room temperature for at least 30 min. Nuclei were density substitution experiments, standard replication reactions stained with primary antibodies by incubation overnight at 4ЊC in a (50 l) were supplemented with 0.1 mM BrdUTP, 2000 nuclei/l of wet chamber. Samples were then washed thoroughly with PBS/ egg extracts, and 1 l ␣-[ 32 P]dCTP (3000 Ci/mmol). Nuclei isolated 0.2% Tween-20 and incubated with secondary antibodies for 1 hr from these reactions were transferred to freshly thawed egg extracts at room temperature in the dark. After being washed (see above), supplemented with cyclohexymide and an energy regeneration samples were incubated with a solution of DIOC (0.5 g/ml, Sigma) system as described above, plus 0.1 mM BrdUTP and 1 l of and Hoechst (0.1g/ml) in PBS, for 10 min at room temperature.
␣-[
32 P]dCTP. Egg extracts were depleted of the Cdt1 protein as After three washes of 15 min in PBS, coverslips were mounted on previously described [3].
slides with MOVIOL and viewed with a Zeiss inverted microscope.
Analysis of Rereplicated DNA Expression and Purification of Recombinant Proteins
Wild-type, Xenopus Cdt1 protein was expressed in E. coli as 6-HisFor density substitution experiments, DNA was fractionated by centrifugation through a cesium chloride density gradient as follows. tagged recombinant protein. For this purpose the Xenopus Cdt1 full-length cDNA was amplified by standard PCR methods and inReplication reactions were supplemented with proteinase K (0.5 mg/ml) and incubated at 42ЊC for 1 hr. DNA was phenol/chloroform serted in the BamHI and KpnI sites of the bacterial expression vector pRSET B (Invitrogen) to generate p6HisXCdt1. The N-terminal deleextracted twice and ethanol precipitated. DNA was resuspended in 100 l of TE containing 100 g/ml RNaseA and incubated at 37ЊC tion mutant of XCdt1 (amino acids 141-621) has been previously described [3]. We generated the C-ter XCdt1 mutant (amino acids for 1 hr. DNA was reprecipitated with ethanol and resuspended in 85 l of TE. DNA was then digested with EcoRI for 1 hr at 37ЊC. 372-621) by subcloning the approximately 1.6 kb PvuII-EcoRI DNA
